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Abstract
Reactive dyes are chemically bonded to a cotton fi bre surface. The anchor groups of dye molecules initiate this 

covalent bonding. In addition to this anchor group, reactive dyes also contain charged functional groups that are 

often negatively charged sulphonate groups –SO3
-. These negative groups are part of the dye to enable its sol-

ubility in water. In industrial applications, dyes are applied as part of a water-based dye bath. The aim of the pre-

sented study was to improve the dyeing of cotton through the cationic modifi cation of the textile, supporting 

an attraction to negatively charged dye molecules. In this way, the dye up-take and achieved colour depth should 

be improved. The current study was performed with a vinyl sulfone reactive dye. Three diff erent nitrogen con-

taining cationic organic substances were used for cotton pretreatment. In addition to colour properties, the an-

tibacterial properties of prepared textile samples were also studied because antibacterial properties are often re-

lated to compounds containing amino and ammonium groups. Finally, it was shown that the cationic pretreatment 

with two of the three studied agents increased the dye up-take of cotton fabric from the dye bath. At the same 

time, one cationic agent can introduce antibacterial properties to treat cotton fabrics against two diff erent types 

of bacteria: E. coli and S. warneri. The simultaneous application of a functional property during an optimised dye-

ing process was demonstrated in this case and can serve as an example for further applications.

Keywords: Coloration, dyeing, antibacterial, cationic compounds

Izvleček
Reaktivna barvila so kemično vezana na površino bombažnih vlaken. Reaktivne skupine molekul barvila sprožijo 

kovalentno vezanje. Poleg te reaktivne skupine vsebujejo reaktivna barvila tudi funkcionalne skupine z nabojem, 

in sicer so to pogosto negativno nabite sulfonske skupine –SO3-, ki omogočajo topnost barvila v vodi. V industrij-

ski rabi se barvila nanesejo kot del barvalne kopeli na vodni osnovi. Cilj predstavljene študije je izboljšati barvanje 

bombaža s kationsko modifi kacijo tekstilije, ki temelji na privlačnosti negativno nabitih molekul barvila. Na ta na-

čin se izboljšata navzemanje barvila in globina barvnega tona. V raziskavi je bilo uporabljeno vinilsulfonsko reak-

tivno barvilo. Za predobdelavo bombaža so bila uporabljena tri različna sredstva kationskega značaja na osnovi 

dušika. Poleg barve so bile raziskane tudi protibakterijske lastnosti pripravljenih tekstilnih vzorcev, ki so pogosto ve-

zane na spojine, ki vsebujejo amino in amonijeve skupine. Končne ugotovitve kažejo, da je kationska predobdela-

va z dvema od treh uporabljenih sredstev povečala vezanje barvila iz barvalne kopeli na bombažno tkanino. Hkra-

ti lahko kationsko sredstvo podeli obdelani bombažni tkanini protibakterijsko zaščito pred dvema različnima 

vrstama bakterij, tj. E.coli in S. warneri. Raziskava prikazuje možnost funkcionalizacije tekstilij med optimizacijo po-

stopka barvanja in lahko služi kot primer za nadaljnjo praktično uporabo.

Ključne besede: obarvanje, barvanje, protitibakterijski, kationske spojine
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1 Introduction

Th e dyeing of cotton can be performed using vari-
ous dyes from diff erent dyestuff  categories, i.e. as vat 
dyes, direct dyes or reactive dyes. Among all dye-
stuff s, reactive dyes are supposed to lead to the best 
wash fastness of coloration on cotton fabrics. How-
ever, it should be kept in mind that one problem of 
dyeing of cotton with reactive dyes is the hydrolysis 
of the reactive dye in the dye bath. In simple terms, 
a reactive dye can be understood as a dye molecule 
containing three parts with diff erent functions. 
Th ese are the chromophore, the reactive anchor and 
charged ionic groups. While the chromophore is re-
sponsible for coloration, the reactive anchor sup-
ports covalent bonding between dye molecules and 
the cotton fi bre surface. Th e ionic groups result in 
solubility in a water-based dye bath. In acid dyes, 
anionic charged groups are also responsible for the 
attractive interaction between the acid dye and cati-
onic wool or polyamide fi bres. Wool and polyamide 
fi bres contain a positive net charge due to the proto-
nation of containing amino groups. Acid dyes con-
tain a negative charge. For this reason, wool and 
polyamide fi bres support a certain electrostatic at-
traction to the acid dye, thus supporting the dyeing 
process and dye fi xation. Th e ionic attraction of ani-
onic groups in reactive dyes to positively charged 
groups can be analogously used to improve the dye-
ing performance of reactive dyes [1]. For this pur-
pose, cationic functional groups must be introduced 
to the cellulosic structure of the cotton fi bre. A cot-
ton fabric treated with cationic agents obtains posi-
tive charges on the cotton fi bre surface. If a reactive 
dye containing anionic groups is then applied to 
this cationised cotton, the dyeing process can be 
supported analogously to the dyeing process of wool 
using an acid dye. In literature, many diff erent pro-
cedures are described for the introduction of cati-
onic groups to the cotton fi bre surface.
Quaternary ammonium compounds are fi xed to 
cotton using an epoxy anchor. For subsequent dye-
ing with acid dyes and reactive dyes, improved 
dyeing properties were observed [2]. In these ex-
periments, the increased dye up-take was directly 
correlated to the amount of previously applied 
quaternary ammonium groups [3]. Instead of an 
epoxy anchor, the quaternary ammonium com-
pound can also be anchored to cotton using a 
chlorine hydroxyl propyl group [4]. In this way, an 

ionic attraction between dye molecules and cati-
onised cotton was introduced. Improved colour-
depth can be achieved for the application of diff er-
ent reactive dyes [4]. In addition, polymers with 
quaternary ammonium groups can be used for 
cotton pretreatment [5]. In an example by Black-
burn et al., quaternary ammonium groups were 
part of an aliphatic ring system attached to the 
backbone of the polymer. Here, an increase in col-
our depth aft er dyeing with reactive dyes was also 
observed [5]. As a special cationic polymer, com-
mercially available cationic starch can also be used 
for the modifi cation of cotton [6, 7]. Th e applica-
tion of this cationic polyelectrolyte improves the 
dye-fi bre interaction. Th e improved dye up-take in 
this case is caused by the presence of cationic 
groups and the increased fi bre roughness as the re-
sult of the applied starch [6]. In addition to these 
polymers with quaternary groups, polymers with 
amino groups can also be used for the modifi ca-
tion of cotton. For this purpose, the chloride salt 
of polyvinylamine is used to improve the dyeing 
process of cotton with reactive dyes [8]. A cationic 
pretreatment is also used to improve the dyeability 
of cotton with natural dyes [9, 10]. If natural dyes 
contain negatively charged functional groups or 
groups that can gain a negative charge easily 
through deprotonation under moderate alkaline 
conditions, they probably show an electrostatic at-
traction to positively charged cationised cotton fi -
bres, as well. For this reason, the dyeing process is 
improved. Th is phenomenon is probably the same 
for the application of a negatively charged reactive 
dye on cationised cotton textiles.
In addition to the infl uence of dyeing properties, 
quaternary ammonium containing cationic com-
pounds are oft en mentioned for their antibacterial 
eff ects on textile substrates [11-15]. A special type of 
antibacterial active quaternary ammonium com-
pounds is based on the cationically modifi ed nitro-
gen component DABCO (1,4-Diazabicyclo(2.2.2)oc-
tan), which is a cyclic nitrogen compound [16]. For 
the achievement of antibacterial eff ects, not only the 
antibacterial eff ects of quaternary compounds have 
been reported; other nitrogen containing com-
pounds such as PHMB (polyhexanid) have also been 
reported [11]. Th e antibacterial eff ect of PHMB is re-
lated to the presence of an amino group attached to 
the polymer structure. Another prominent antibac-
terial polymer containing amino groups is bio-based 
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chitosan [17-19]. Th e antibacterial activity in such 
cases is oft en related to the acidic conditions of the 
surrounding medium due to the necessary protona-
tion of the containing amino group [20]. In addition 
to bio-based chitosan, synthetic polymers containing 
an amino group are also known for their antibacteri-
al activity. A prominent example in this area are den-
drimers with terminated amino groups [21].
Reactive dyes equipped with cationic groups can be 
used to introduce antibacterial properties to cellu-
losic fi bres. In this reported application, coloration 
and antibacterial functions are achieved at once 
through the application of a single compound [22]. 
As an alternative to cationic nitrogen compounds, 
simple amino compounds can also be used to intro-
duce antibacterial properties to textiles. An example 
is the application of polyvinylamine for the func-
tionalisation of fabrics made from high-perform-
ance polyethylene [23].
With this background, the purpose of the presented 
study was to evaluate diff erent cationic pretreat-
ments for cotton with the aim of simultaneously im-
proving dyeability with reactive dyes and achieving 
antibacterial properties. For the actual evaluation, 
three diff erent commercially available cationic sub-
stances were chosen and applied in increasing con-
centrations onto cotton substrates. Th e dyeability of 
modifi ed cotton was tested through the application 
of a vinyl sulfone reactive dye that contained two 
anionic groups. Th e antibacterial properties were 
tested against two diff erent bacteria before and aft er 
the dyeing process. Th e achieved results were prom-
ising and showed that a cationic pretreatment can 
be used for simultaneous and diff erent modifi ca-
tions of cotton fabrics.

2 Experimental section
2.1 Materials and sample preparation
For all sample preparations, a plain weaved cotton 
fabric with a weight of 150 g/m2 was used. Th is cot-
ton fabric was treated with three diff erent cationic 
agents applied in three diff erent concentrations to 
determine their infl uence on the subsequent appli-
cation of a reactive dye. Th ese cationic agents were 
RUCO-PUR SEC, supplied by Rudolf GmbH 
(Geretsried, Germany), RUCO BAC HSA, also sup-
plied by Rudolf GmbH (Geretsried, Germany), and 
PERFIXAN F 5000, supplied by Textilchemie Dr 
Petry GmbH (Reutlingen, Germany). All these 

chemicals were supplied as water-based solutions 
and further diluted with water as recommend by the 
suppliers. Th e aqueous cationic agent RUCO-PUR 
SEC was named the hydrophilic agent. It is cationi-
cally active and based on polyurethane and silicone 
compounds. Th is agent was further diluted with wa-
ter to a concentration of 30, 45 or 60 g/L. Th e pH 
value was adjusted to 4.5 by adding acetic acid. Th e 
agent RUCO BAC HSA is an aqueous solution of 
the quaternary ammonium compound - dimethyl-
tetradecyl (3-(trimethoxysilyl)propyl) ammonium 
chloride – and was distributed as the cationic anti-
bacterial agent. Th is agent was further diluted with 
water to concentrations of 2, 11 or 20 g/L. Th e pH 
value was adjusted in the range of 4.5 to 5.0 by add-
ing acetic acid. Th e agent PERFIXAN F 5000 is de-
scribed as precationising agent recommended for 
denim articles and for dyeing procedures with ani-
onic dyes. It is an aqueous solution of a polyamine 
component containing a pH 2.5 to 3.5. For applica-
tion, this agent was further diluted with water to a 
concentration of 20, 40 or 60 g/L. Of course, cotton 
fi bres can be damaged under strong acidic condi-
tions, but the agent used, PERFIXAN F 5000, was 
not applied as a pure substance. It was applied in 
concentrations of between 20 to 60 g/L aft er dilu-
tion with water. Th e acidity of the applied agent was 
decreased by this dilution, so potential damage to 
cotton fi bres was minimised. Th e used concentra-
tions for these studied cationic agents were based 
on the recommendation of the suppliers of these 
chemicals. All cationic agents were applied in an 
HFR 46292 padding machine supplied by Werner 
Mathis AG (Oberhasli, Switzerland). Aft er applica-
tion, drying was performed at 140 °C for 60 seconds 
using an OHE 4408787 lab dryer supplied by Wern-
er Mathis AG. For the production of a reference 
sample, analogous treatment by padding the cotton 
fabric with pure water was carried out.
Dyeing was performed using the Reactive Black 5 
(RemazolBlack B; CAS 17095-24-8) dye with the sum 
formula of C26H21N5Na4O19S6 and a molecular 
weight of Mw 991.8 g/mol. Th e company Clariant 
(Frankfurt am Main, Germany) supplied this dye. 
Th e chemical structure of the dye is presented in Fig-
ure 1 and its full name is Tetrasodium 4-amino-5-hy-
droxy-3,6-bis[[4-[[2-(sulphonatooxy)ethyl]sulpho-
nyl]phenyl]azo]naphthalene-2,7-disulphonate.
For dyeing purposes, an aqueous dye bath containing 
the following components was used: Reactive Black 
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dye (5.3 g/L), NaOH (0.68 g/L), Na2SO4 (65 g/L) and 
Na2CO3 (25 g/L). To prepare the dye bath, 3 g of 
Reactive Black dye was fi rst dissolved in 70 mL of hot 
water. Aft er that, 65 g of Na2SO4 was added and dis-
solved. Th en 25 g of Na2CO3 was added and dis-
solved. Finally, 0.68 g of NaOH was added and dis-
solved, and the vessel was fi lled with water until 1 L 
was reached. Th e bath ratio was set to 1:10 (1g fabric 
to 10 g dye bath). Th e concentration of the used reac-
tive dye was 5.3 g/L or 0.53 weight-% in relation to 
the volume of the dye bath. In relation to the amount 
of treated cotton textile, the amount of dye was 5.3 
weight-%. Th e dyeing process was performed in an 
Ahiba Polymat (model PM10) dyeing machine. Th e 
process temperature for dyeing was 60 °C, which was 
applied for 100 minutes, followed by heating for 10 
minutes. Aft er the dyeing procedure, the fabrics were 
rinsed with cold water, followed by a washing cycle at 
95 °C for 5 minutes. Th at washing was performed in 
an S014.95 washing machine supplied by Werner 
Mathis AG. At the end, the fabrics were line-dried at 
room temperature.

2.2 Analytics
Th e remaining dye concentration in the dye bath af-
ter the dyeing process was determined. For this pur-
pose, samples were taken from the dye bath aft er the 
dyeing process was completed. A total of 1.5 g of the 
remaining dye solution was taken and diluted with 
8.5 g water. Th e absorption spectra of this solution 
were determined using a UV-2600 photo spectrom-
eter from Shimadzu (Japan) in an arrangement of 
direct transmission. Th e coloration of prepared dyed 
textiles was studied using the same photo spectrom-
eter with an integrated sphere and by measuring dif-
fusive refl ection. Th e colour properties were record-
ed as K/S-spectra. In order to determine K/S-spectra, 
the refl ection spectrum was fi rst measured in an ar-
rangement of diff usive refl ection. Th is refl ection 
spectrum was transferred using the Kubelka-Munk 
function into a K/S-spectrum, which demonstrated 
the absorption of light for the studied textile sample 
as a function of the wavelength of light. A barium 

sulphate plate was used as white reference material 
for these refl ective measurements. In addition, the 
diff erence in the colour strength of the dyed fab-
rics with cationic pretreatment was determined 
using a Datacolor 400 colorimeter with a D65 light 
source (Datacolor, Luzern). For these measure-
ments, the fabrics were folded into four layers. As 
a reference sample, the dyed cotton fabric without 
cationic pretreatment was used and set to a value 
of 100%. Th e FT-IR spectra of cotton samples were 
recorded using an Excalibur 3100 IR-spectrometer 
(Varian Inc.).
Bacterial viability was determined by using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) as previously reported [24]. In 
brief, E. coli (strain BL21(D3)) and S. warneri 
(strain dsm-20316) were cultured in a Luria–Ber-
tani (LB) medium or in a Trypticase Soy Yeast Ex-
tract (TYSE) medium, respectively. For the experi-
ments, 200 μl bacterial suspensions (1:250 dilution 
of an overnight culture) per cavity were seeded in 
sterile 96-multiwell cell culture plates (Techno 
Plastic Products AG, Trasadingen, Switzerland). 
Cells were grown in the presence of textile sam-
ples (circles with 5 mm diameter prepared using a 
conventional hole puncher) for 3 hours at 37 °C 
and rotated at 250 rpm in a PST-60-HL-4 orbital 
shaker (BioSan, Riga, Latvia). Th e cells were then 
incubated with MTT (fi nal concentration 0.1 mg/l) 
in their respective culture media for 5 minutes, 
lysed in isopropanol for an additional 30 minutes, 
and their viability determined by measuring ab-
sorption at 570 nm with a reference wavelength of 
700 nm on a Tecan M200 multiwell-plate reader 
(Tecan, Crailsheim, Germany). Control viability 
was measured in a test arrangement in the absence 
of any textile fabric, but otherwise identical to the 
other samples and set to 100%. Th e absorption de-
termined with the same setup in the absence of 
bacteria was set to 0%. Th e antibacterial tests were 
repeated four times for each sample. Th e average 
of the repeated measurements was given as the re-
maining bacterial viability.

Figure 1: Chemical structure of the used Reactive Black 5 (Remazol BlackB) dye; C26H21N5Na4O19S6
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3 Results and discussion
3.1 Preliminary investigations before dyeing
As preliminary experiments before dyeing, FT-IR 
spectroscopy and UV/Vis spectroscopy were per-
formed on untreated cotton fabrics and on fabrics 
aft er application of the cationic agent. FT-IR spec-
troscopy was performed to determined whether the 
applied cationic agent can be detected on cotton fab-
rics. Th e measured FT-IR spectra are shown togeth-
er in Figure 2. Th e determined spectrum from the un-
treated cotton fabric exhibited a similar shape 
compared to cotton spectra reported in literature [25]. 
Th e prominent peaks were from the strength vibra-
tions of the C-O bond, C-H bond and the O-H, with 
maxima at the wavenumbers 1053 cm-1, 2897 cm–1 
and 3329 cm–1. Th e FT-IR spectra of samples aft er 
application of cationic agents were prepared for 
preparation with the highest applied concentration 
of these agents. For the RUCO BAC HSA agent, a 
nearly similar FT-IR spectrum compared to cotton 
was recorded. It is thus not possible to detect this 
agent on cotton using this spectroscopic method. 
Th e RUCO BAC HSA agent contained a quaternary 
ammonium group. Th is group was related to C-N 
bonds with stretch vibrations in the range of 1020 to 
1220 cm-1 [26]. However, an especially strong signal 
from the cotton substrate with the C-O vibration 
also appeared in this region. It is thus probable that 
the signal from the cotton substrate covered the sig-
nal of the added RUCO BAC HSA agent. For the 
RUCO-PUR SEC agent, a nearly similar FT-IR spec-
trum compared to cotton was recorded. Only one 
weak peak in the fi ngerprint area at 779 cm–1 was 

identifi ed and not detected in the pure cotton fabric. 
According to literature, this peak can be caused by a 
Si-C vibration in an OSi-CH3 group [26]. Th is result 
is in line with supplier information that this agent 
also contains silicone compounds.
For the PERFIXAN F 5000 agent, the peak at a wav-
enumber of 1639 cm–1 exhibited an increased inten-
sity, while a new peak with a weak intensity ap-
peared at 1543 cm–1. Th is agent was based on 
polyvinylamine and contained amine groups that 
were related to C-N bonds with stretch vibrations in 
the range of 1020 to 1220 cm–1 and N-H bonds with 
stretch vibrations close to 3335 cm–1 [26]. However, 
both areas were covered by several strong vibration 
signals of the cotton substrates itself. Th e stronger 
signal at 1639 cm-1 and the new signal at 1543 cm–1 
can be explained by the presence of amide groups in 
this agent. Polyvinylamine was prepared through 
the degradation of polyacrylamide [27, 28]. If this 
degradation is not complete, there would be re-
maining amide groups in this polymer that could be 
detected using IR-spectroscopy.
To evaluate the colour properties of textiles aft er the 
dyeing process, the K/S-UV/Vis spectra of undyed 
cotton fabrics with and without cationic treatment 
were determined (Figure 3). Th is measurement was 
done to determine whether the applied cationic 
agents can aff ect the colour properties of the treated 
cotton fabrics by themselves. All these undyed cot-
ton fabrics exhibited low K/S-values in the range of 
visible light (400 nm to 750 nm) of only 0.1. Th ese 
textiles were mainly uncoloured and the cationic 
treatment did not aff ect coloration. In the range of 

Figure 2: FT-IR spectra of cotton fabric before and af-
ter the application of cationic agents. Most prominent 
peaks are marked with related wavenumbers.

Figure 3: K/S-spectra of cotton fabrics before and af-
ter treatment with diff erent cationic agents
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UV-light, the cotton treated with PERFIXAN F 5000 
exhibited a signifi cant maximum at around 320 nm. 
Th is maximum was probable related to aromatic 
structures in the applied cationic component.

3.2 Dyeing properties and coloration results
Before determining the colour properties of dyed 
fabrics, the absorption spectra of the dye bath aft er 
the dyeing processes were measured (Figure 4). Th is 
measurement was taken to determine the remain-
ing dye in the dye bath and for the dye not taken up 
by the dyed cotton fabric. Th e determined absorp-
tion spectra were compared with a reference spec-
trum achieved for an analogous dyeing procedure 
performed with the same cotton fabric, but without 
any cationic treatment. Absorption spectra with 
lower absorption values compared to this reference 
spectrum indicated an increased dye up-take from 
the dye bath by the cationised cotton. Diff erent 
results were obtained for the three diff erent types 
of cationic pretreatment (Figure 4). Treatment 
with the RUCO-PUR SEC agent led to a lower ap-
plied concentration of cationic agent and to high-
er absorption values in the remaining dye bath. 
Only in the case of the highest applied concentra-
tion of 60 g/L RUCO-PUR SEC was nearly the same 
absorption as the reference observed. For this rea-
son, no improvement of dye up-take could be 
achieved in the applied dyeing procedure with RU-
CO-PUR SEC. In contrast, a signifi cant decrease in 
dye concentration in the remaining dye bath was 
achieved with cotton pretreatment using RUCO 
BAC HSA (intermediate or high concentration) or 
using the PERFIXAN F 5000 (with all concentra-
tions) agent. Here, it is probable that the up-take of 
dye by the cationic cotton increased. Th e up-take of 
the reactive dye was signifi cantly aff ected by the 
type of cationic treatment performed on the cotton 
fabric in advance.
Th e colour properties of dyed cotton fabrics were 
determined as colour intensity (Figure 5) and K/S-
spectra (Figure 6). Th e colour intensity was given as 
a percentage in relation to the coloration of cotton 
dyed without previous cationic treatment. Th is ref-
erence value was set to 100% (Figure 5). Th e deter-
mined colour intensity was seen as a function of the 
concentration of applied cationic agents. Treatment 
with the RUCO-PUR SEC agent led to the lower 
coloration of cotton fabric compared with the dye-
ing procedure using untreated cotton. Increasing 

the concentration of RUCO-PUR SEC also led to an 
increase in colour intensity. However, even with the 
highest concentration for pretreatment with RU-
CO-PUR SEC, the same colour intensity as the ref-
erence untreated cotton sample could not be 
achieved. Th ese results are in line with the remain-
ing high dye concentration in the remaining dye 
bath. It can thus be said that this cationic agent can-
not be used to improve the dyeing procedure for the 
studied reactive dye on cotton. In fact, this result is 
in some way surprising because the cationic active 
RUCO-PUR SEC agent should have improved the 
up-take of the applied reactive dye. A possible ex-
planation could be that the number of cationic sides 
in this agent was not as high as the other studied ad-
ditives. Th us, the eff ect on dyeing behaviour with 
the studied reactive dye is not strong.
In contrast, the coloration result of subsequent dye-
ing improved with pretreatment using the other two 
cationic agents. For both products, the colour inten-
sity increased as a function of the concentration of 
the cationic component used for pretreatment. 
However, the type of increase was diff erent (Figure 
5). For the RUCO BAC HSA agent with the lowest 
concentration, an initial decrease in colour intensity 
was identifi ed. Th e colour intensity was then con-
tinuously increased by increasing the concentration 
of this agent. For the PERFIXAN F 5000 agent, pre-
treatment with a medium to high concentration led 
to only a minor subsequent increase. A kind of pla-
teau value could thus be estimated.
Th e evaluation of the K/S-spectra of the dyed sam-
ples completed this picture (Figure 6). Th e K/S-spec-
tra for dyed samples aft er RUCO-PUR SEC pretreat-
ment were very similar to the reference spectrum of 
a sample without any pretreatment. Here, almost no 
change in coloration was caused by the cationisation 
of cotton with this type of cationic compound. Us-
ing a pretreatment of RUCO BAC HSA, a signifi cant 
increase in the K/S-values using the cationic treat-
ment was observed. Th e reference sample exhibited 
a maximum K/S-value of 17.0 at 606 nm. Th e sam-
ples with RUCO BAC HSA pretreatment achieved a 
maximum K/S-value of 19.4 at 597 nm. Treatment 
with PERFIXAN F 5000 also resulted in a high K/S-
value of 19.7. However, there was also a stronger sig-
nifi cant shift  in the position of the maximum to a 
wavelength of 590 nm. Th is shift  indicated that not 
only colour intensity but also colour shade changed 
as the result of the applied cationic treatment.
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Figure 4: Absorption spectra of dye baths aft er the dye-
ing process. Compared are the spectra of dye baths af-
ter the dyeing of an untreated cotton reference and cat-
ionised cotton fabrics. Th e amount of applied cationic 
agent for the pretreatment of cotton is directly observ-
able in the graphs. In order to record the spectra, the 
dye bath was diluted with water in a ratio of 15:85.

Figure 5: Colour intensity of dyed cotton fabrics with 
diff erent pretreatments in relation to a reference cot-
ton fabric dyed without any pretreatment. Th e colour 
intensity is shown as ¸a function of the concentration 
of the cationic agent used for pretreatment.
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3.3 Antibacterial properties
Antibacterial properties were studied against two 
types of bacteria: E. coli and S. warneri (Figure 6). 
Th e remaining bacterial viability was shown as a 
function of an increase in the concentration of the 
applied cationic agent. For all samples, bacterial via-
bility was compared before and aft er the dyeing 
process (Figure 7). A value of 100% for bacterial vi-
ability represented the reference testing procedure 
without the addition of any textile sample.
In the presence of the pure cotton sample without 
any further treatment or dyeing, a remaining bacte-
rial viability for E. coli of 79% and for S. warneri of 
80% was determined. In the case of dyeing cotton 
without a cationic agent, values for the bacterial via-
bility for E. coli of 75% and for S. warneri of 74% 
were observed. Th is small decrease in viability aft er 
dyeing was in the range of the standard deviation of 
this test arrangement. Th e applied dye thus had no 
probable antibacterial eff ect.
Compared with these reference measurements 
without a cationic agent, the eff ect achieved with 
cationic treatment was diff erent, depending on the 
type of cationic agent applied (Figure 7). With the 
application of even the highest concentration of 
the PERFIXAN F 5000 agent, no decrease in bac-
terial viability was identifi ed. Th is agent exhibited 
no clear antibacterial properties. According to 
supplier information, the Perfi xan agent is related 
to the chemical structure of polyvinylamine. As a 
result, this agent is supposed to contain a large 
number of amino groups. Such amino group con-
taining compounds oft en contain antibacterial 
properties. Th ese antibacterial properties are relat-
ed to an acidic medium leading to the protonation 
of the amino groups. However, the antibacterial 
tests were performed under neutral conditions. It 
should also be clear that amino containing com-
pounds can be antibacterial, while not all chemi-
cals containing amino groups are antibacterial. 
Good examples of amino containing groups with-
out antibacterial properties are ordinary amino 
acids and proteins.
An eff ect against S. warneri was observed with the 
RUCO-PUR SEC agent at the highest applied con-
centration. In this case, a bacterial viability of only 
27% was identifi ed. Th at value then rose to 60% 
aft er the dyeing was performed. Th is antibacterial 
eff ect was clearly seen, but was not very strong. 
Th e loss in antibacterial activity aft er dyeing can 

Figure 6: K/S-spectra of dyed cotton fabrics. Th e spec-
tra are related to diff erent pretreatments of the dyed 
cotton with diff erent chemicals in increasing concen-
trations. Th e observed reference spectrum is for a cot-
ton fabric without any cationic treatment.
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be explained by the removal of some of the cation-
ic agent during the dyeing process. If the RUCO-
PUR SEC agent was applied in the lowest concen-
tration of 30 g/L, a small increase in bacterial 
viability for the bacteria S. warneri was observed. 
Th is small increase in bacterial viability with the 
lowest RUCO-PUR SEC concentration was in the 
range of standard variation for this measurement 
and did not indicate that this agent could support 
the growth of bacteria in low concentrations.
In the presence of the cationic RUCO BAC HSA 
agent, the antibacterial eff ect was signifi cant 
against both tested bacteria types: E. coli and S. 
warneri (Figure 7). Th at activity was particularly 
strong against S. warneri. Th is was shown by a re-
maining bacterial viability of less than 0.5%. Th is 
strong eff ect should be expected because this 
agent is promoted by the supplier as antibacterial 
fi nishing agent. Th e antibacterial eff ect decreased 
when the dyeing process was performed. Howev-
er, the eff ect is still excellent, even aft er the dyeing 
procedure, especially against S. warneri. Such a 
decrease in antibacterial activity aft er dyeing can 
be explained by an insuffi  cient fi xation of the cati-
onic agent on the cotton surface. For this reason, 
the RUCO BAC HSA agent is probably removed 
in part from the cotton samples during the dyeing 
process, resulting in a decrease in antibacterial 
activity.
With these results, it can be said that these cationic 
agents can be used to achieve two eff ects with only 
one application. It is possible to simultaneously im-
prove the dyeability of cotton for reactive dyes and 
to achieve antibacterial properties on the same cot-
ton fabric.

4 Conclusion

In conclusion, it can be said that it is possible to in-
troduce two advantageous properties to cotton in 
one step through pretreatment with cationic agents. 
Improved dyeability and an antibacterial activity 
can be achieved together through this simple appli-
cation. It was also shown, however, that not all cati-
onic agents are useful for improving dyeability or 
antibacterial eff ectivity. Th e simultaneous applica-
tion of a functional property during an optimised 
dyeing process was carried out and could serve as 
an example for further applications.

Figure 7: Antibacterial properties of diff erently pre-
treated cotton fabrics before and aft er the dyeing proc-
ess. Th e antibacterial property is shown as the remain-
ing bacterial viability as a function of the concentration 
of the cationic agent used for the treatment of cotton 
fabrics. Th e bacterial viability is shown as average of 
four independent measurements. Th e error bars indi-
cate the standard deviation of this measurement.
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